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(54)TIUe: UNDERWATER TREATMENTS 
(57) Abstract 

An eiectrosurgical Instrument, for the treatment of tissue in the pres- 
ence of an electricaJly-conducttve fluid tnedlum. comprises an instrument 
shaft (lOX and an electrode assembly (12) at one end of the shaft TTic 
electrode assemUy (12) comprises a dssne deatment electrode (14) and a 
return elecnode (IS) which is clectricaUy insulaied from the tissue treatment 
clccmxte by means of an insulatioa member (16). Ilw tissue trea^^ 
trode (14) has an exposed end (I4a) extending laterally through a cut-out 
(16a) provided in the insnladon member (16) at the disod end poniaa of 
the instnmtent T\» renmi electrode (18) hu a fluid contact sui&ce (I8a) 
which overlies the insulation member (IQ in the region of tho cut-out (Ifo). 
The fluid contact surftcc (18a) is spaced firam die tissue treatment etoctrode 
( 14) in such a manner as 10 define, in use, a conductive fluid padi diat com- 
pletes an electrical dicutt between die tisane treamiem electrode and die 
lemm electrode (18). 
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UNDERWATER IHEAtMENTS 

This invention relates to an electrosurgical inscniment for the treatment of tissue in the 
5 presence of an elearically-conductiX'e fluid medium, to electrosurvical apparatus including 
such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic electrosurgery is useful for treating tissue in cavities of the body, and is 
normally penonned in the presence of a distension mec&un. When the distension medhim 

iO is a liquid, this is commonly referred to as underwater eiectrosurger>'. this term denoting 
e[ecirosuruer>* in which Kxinu tissue is treated using an electrosurgical instrumem with a 
treatmcm elearode or dectrodes immersed in liquid at the operation site. A gaseous 
medhim is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 

1 5 is often the case in laparoscopic or gastroenterological surgerx*. 

Underwater surgery is commonly performed' using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode Altemaiively. the emloscope may be specifically adapted {as 

20 in a resectoscopei to include means for mourning an electrode, or the electrode may be 
introduced mto a body cavity via a separate access means at an angle with respea to the 
endoscope • a technique commonly referred to as triangulation "These variatioiu in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has pantcuJar advantages given the access route to the specific bod\' cavity. Endoscopes 

25 with imegral working channels, or those charaaerised as reseaoscopes, are generally 
employed when the body cavity may be accessed through a naniral body opcmim - such 
as the cefxical canal to access the endometrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes spediically designed for use in the 
endometrial ca\-ity arc referred to as hysteroscopes^ and those designed for use in the 

50 urinary tract include c> stoscopes. urethroscopes and resectoscopes. The procedures of 
transutethal resection or vaporisation of the prostate gland are known as TURP and EVAP 
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fcspeciiydy. When there is no nauurai body opemng through which an endoscope may be 
passed, the technique of trianipilatton is commonly employed. Triaasulation is commonly 
used dtinng underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
5 anhroscope. 

Electrosurgery is usually carried put using either a monopolar instrumem or a bipolar 
instrument. With monopolar electrosurgery. an active electrode is used in the operating 
region, and a conduclivc return plate is secured lo the patient's skin. With this 

10 arrangement, current passes from the artivedeclrode through the pa^ 

external return plate Since the patient represents a significant portion of the drcuiu mpui 
power levels have to be high (typically 1 50 to 250 wans), to compensate for the resistive 
current limiting of the paiicm's lissues and, in the case of underwater electrosurgery. 
power losses due to the fluid medium which is rendered partially conductive by the 

1 5 presence of blood or other body fluids. Using high power with a monopolar arrangement 
is ^ hazardous, due lo the tissue heating that occurs at the return plate, which cm cause 
severe skin bums. There is also the risk of capaciiive coupling betweenihe instrument and 
patient tissues at the emr>^ point into the body cavity 

20 With bipolar electrosurgery. a pair of electrodes (an aaive electrode and a return 
dearode) are used together at the tissue application site. This arrangement has adv^tages 
fiom the safety standpoint due to the relative proximity of the two dccirodes so that radio 
frequency currents are limited to the region between the electrodes. However, ihe depth 
of effca is directly related to the distance between the two electrodes; and, in appUcations 

25 requiring very sm^ elearodes, the imer-eiectrode spacing becomea very smaU. thereby 
limiting tissue effect and the output power. Spacing the decirodes fliither apart vw)uld 
often obscure vision of the application site« and would require a modtfication in surreal 
technique to ensure direa contact of both dearodes with the tissue. 

30 There arc a number of variations to the basic design of the bipolar probe. For example, 
U S. Patem Spcdficatton No.4706667 describes one of the fiindamcmals of the design. 
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namdy that the ratio of the oontaa areas of the return dcorodc and of the active deorode 
is greater than 7: ! and smaller than 20: 1 for iMiting purposes^ 

cutting elearode con6gurations. When a bipolar instrufnent is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
5 approximateiy I : I to avoid differemial electrical stresses occurring at the contact between 
the tissue and the electrode. 

The dearical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conducdve solution such as normal saline. This ensures that the surgical 

10 effect is limited to the needle or aaive electrode, vwth the electric drcuk between the two 
etecn-odes being completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orienuiion: even a relatively small 
chaise in application angle from the ideal perpendicular contact with respea to the tissue 

1 5 suifece. will change the contact area ratio, so that a surgical effect can occur in the tissue 
tn contaa with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulatioii of instroments. In low vohime body cavitiel 
20 particularly where it is desirable to distend the cavity under higher pressure. Kqutd rather 
than gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater dectrosurgpry has been performed using a non-conductive liquid 
25 (such as 1 .5% glycine) as an irrigant, or as a distension mediinn to dinmiate dectrtcal 
conduction losses. Qyctne is used in isotonic concentrations to prevcm osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an op^ 
may be severed, with resuham infiision of the Bquid into the 

among other thii^ a dlhition of serum sodium which can lead to a condition known as 
30 water intoxication. 



wo 97/48345 



PCTiGB97A»«31 



. The applicami have found ihat ii is possible to use a conductive liquid medium, such as 
nonnal saline, in undcnwater endoscopic dectrosurgcry in place of non-conduciive, 
dcorolyie-frcc sohiiions. Normal saline is the preferred distension medium in underwater 
endoscopic surgery when elecirosurgciy is not contemplated, or a noo-dectrical tissue 

5 effect such as laser ireatmem is being used. Although normal saUne (0.9%w/v; I SOmmoW) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
advantage thai dispUcement by absorption or extravasation from the operative site 
produces little physiological effect and the so-called water Inioncation effects of non- 
conductive, clectrolyte^free solutions are avoided. 

10 

The applicants have developed a bipolar instrument suitable for undenvater elecirosurgery 
using a conductive liquid or gaseous medium. This elecirosurgical instrument for the 
ireatmem of tissue in the presence ofa fluid medhint comprises an insinmieni body having 
a handpiece and an insirumem shaft, and an electrode assembly ai one end of the shaft The 

I S electrode assembly comprises a tissue treatment elearode which is exposed at the extreme 
disoi end of the insuumeni, and a return electrode which is electricaUy msuiated from the 
tissue treatment electrode and has a fluid contaa surface spaced proximaUy from the 
exposed pan of the tissue ireatmem elearode. In use of the instrument, the tissue 
treatmem electrode is applied to the tissue to be treated whilst the return electrode. beiiH^ 

20 spaced proximally from the exposed pan of the tissue treatment dertrode. is normally 
spaced from the tissue and scrxes to complete an deorosurgical current loop from the 
tissue treatment dcctrode through the tissue and the fluid medium. This decuosurgical 
insirumem is described in ihe specification of our European Patent Application 
96918786. L 

25 

The dectiode stniciure of this tnnrumeni« in combinatioa wHh an electrically-conductive 
fluid medium, largdy avoids the problems experienced with monopolar or bipolar 
electrosurgery. In particular, input power Icvds arc much lower than those generaUy 
nccessaiy wirfi a monopolar arrangement (typically 100 watts). Moreover, because of the 
30 relatively large spadng bctu-ecn its elearodes, an miprovcd depth of effea is obtained 
conH;>ared with conventional bipolar arrangemems. 
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An aithroscope electrode may be charaacrised as short ( 100 to 140 nun), and n^d with 
a working diameter up to 5 mm. It can be imroduced through a stab incision into a joim 
cavity (with or without a cannula) using the triangulation technique. Such an electrode b 
operated with a motion which moves the electrode between the 9 O'Clock and 3 O^Qock 

5 positions on the arthroscopic image. As a result, the tissue lo be treated is usually 
approached at a shallow working angle with respect to the axis of the dccirode. An 
arthroscopic electrode thus needs to have an cffea consistent with this angled approach 
to the tissue. The tissue to be treated, such as meniscal cartilage* is commonly dense and 
of a high dccirical impedance. An anhroscope electrode requires output power and 

10 volt^ settings that reflect the type of tissue being treated, the size of dearode, and the 
fact that anhroscopists are seeking a speed of effea comparable to that of the mechanical 
shaver devices they currently employ, albdt with an dectrodc of smaUcr dimensions than 
a shaver blade for improved access. Joint spaces arc commonly small (the joim spaces in 
the knee being typically 60 to 100 mis under fluid distension), and tissue often needs 

15 mechanical manipulation. Known monopolar arthroscopic dectrodc configurations, 
therefore, arc of a rigid constojaion, having angled hook or probe-tip configurations to 
produce cutting of high impedance tissue, and to connect to an ergonomic handpiece to 
aid tissue manipulaxion. 

20 The aim of the invention U to provide an improved dectrosuruicai instnimem of this type 

The presem invwuicn provides an dcctrosurgical instrument for the treatment of tissue in 
the presence of an elearically-conductive fluid medhim, the instnimem comprising an 
instnmiem shaft, and an dearode assembly at one end of the shafk, the dectrode assembly 

25 comprising a tissue treatment dectrodc and a return dectrode which is electiicaUy 
insulated fiom the tissue treatmem dectrode by means of an insulation member, the tissue 
treatmnt dectrode having an exposed end esaemlins iaterdly through 
in the insulation member at the distal end portion of the instrument, and the return 
dectrodc having a fluid comaa surfece which overlies the insulation member in the region 

30 of the cut-ouu sakl fluid contact surface being spaced from the tissue treatment dectrode 
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in such Axnanocr as lo define in use, a conductive fluid path that completes an electrical 
circuit between the tissue treatment electrode and the return electrode. 

The invention also provides an dectrosurgical instnimcnt for the treaunem of tissue in the 
5 presence of an electrically-conductive fluid medium, the instrument comprising an 
insmiment shaft, and an.elearode assembly at one end of the shafc the electrode assembly 
comprising a tissue treaunem electrode and a return electrode which is electrically 
insulated from the tissue treatment electrode by means of an insulation member, the tissue 
treatment decirodc hax-ing an exposed end extending laterally through a cut-out provided 
10 in the insulation member, wherein the return decurode has a distal end portion with a fluid 
contact surface which overlies the insutotion member in the region of the cut-out and faces 
laterally in a first direction, and wherein the insulation member projecu lateraUy outwardly 
between said disul end portion and the Ussue treatment electrode, the tissue treatment 
electrode facing laterally in a second direaion opposite to said first direction. 

15 

The htcraUy-projccting part of the insulation member increases the conductive fluid path 
length from the tissue trcatmcm clcarodc to the return electrode, and forces the electric 
Add outwardly, thereby preventing preferential arcing between the return decirode and 
the nearest pan of the tissue treatment dectrode. and promoting ardng between the tissue 
20 treatment dearode and the ndghbouring tissue. 

The return electrode i$ spaced from the tissue ircauncnt electrode so that, in use. it does 
not comaa the tissue to be treated, and so that the dectricd drcuit is always completed 
by the conducuve fluid, and not simply by arcing between the decirodes. Indeed, the 
25 arrangement is such that ardng between adjacent parts of the decttode assembly is 
avoided, thereby ensurii^ that the tissue ireatnicnt electrode can become envdoped in a 
vapour pocket so that tissue entering the vapour pocket becomes the preferred path for 
current to flow back to the return dearode via the conductive fluid. 



30 The clccuosurgical instrument of the invention is usefiil for dissection, resection, 
vaporisation, desiccation and coagulation of tissue, as well as for combinations of these 
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fijnctions It has a particular applicarion in anhroicopic surgenr.as H peruiw to 
endoscopic and percutaneous procedures performed on joints of the body induding. but 
not limited to. such techniques as they apply to the spine and other non-synovial joims. 
Arthroscopic operatiye procedures may include: partial or complete meniscectomv of the 

5 knee Joint including mmscal cystectomy, lateral tetinaeular release of the knee joinr. 
removal of anterior and posterior ciudate Bgaments or remnams thereof: labral tear 
resectioa acromioplasty. bursectoray and subacromial decompression of the shoulder joint; 
anterior release of the temperomandibular joim; synovectomy, cartilage debridemem. 
chondroplasty. division of imra-anicular adhesions, fracture and tendon debridement as 

10 applied to any of the synovial joims of the body, iwludng thermal shrinkage of joim 
capsules as a treatment for recurrem dislocwion. subluxation or repetitive stress ii^uiy to 
any articulated joim of the body, disceaomy either in the treatmem of a disc prolapse or 
as pah of a spmal fiision via a posterior or anterior approach to the cervical, thoracic and 
lumbar spine or any bther ffcrous joim for similar purposes; excision of diseased tissue; and 

15 haemostasis. 

The instnimem of the invention is also uscfiil for dissection, resection, vaporisation, 
desiccation and coagulation of tissue, as we» as combinations of these fimcUons. with 
panioilar application in urological endoscopic (urcthroKopy. cystoscopy, ureteroscopy 

20 and nephfoscopy) and percutaneous surgery. Urological procedures may indude: electro- 
vaporisation of the prostate gland (EVAP) and other variants of the procedure commonly 
refened to as waMureihral reseaion of the prosttte (TURP) including, but not limited to. 
imersutiai ablation of the prostate gland by a percutaneous or peturethral route whether 
performed for benign or malignam disease; transurethral or percutaneous resection of 

25 urinary traanimours as they may arise as primary or secomlary neoplasms, and further as 

they may arise anywhere in the urotogical tratt from the calyces of the kidney to the 
external urethral meatus, division of strictures as they may arise at the pdviureteric 
junction am ureter, ureteral orifice, bladder nedt or urethra; correctiOT of ureteroeoele; 

shrinkage of bladder diverticular, cystoplasty procedures as they pertain to coirections of 
30 voidtag dysfimciion: thermally induced shrinkage of the pelvic floor as a corrective 
treatmem for bladder nedt dtscent; ?xdaon of diseased tissue; and haemostasis. 
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Suigical piocedures using the electrosurgical instnunent of the invention may also include 
introducing the electrode assembly to the surgical site, whether through an aniiictal 
coDduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or oiie created surgically. The cavity or space may be distended during the 

5 procedure using a fluid, or may be naturally held open by anatomical structures. The 
surgical site may be bathed in a continuous flow of conductive tluid such as saline solution 
either to fill and distend the cavity, or to create a locally^irrigated environment around the 
tip of the electfode assembly in a gas filled cavity. The irrigating fluid may be aspirated 
from the surgical site to remove products created by application of the RF energy, tissue 

10 debris or blood The procedures may include sinniltaneous newing of the site via an 
endoscope, or usiim an indirect visualisation means An irrigated bipolar electrosurgical 
instmment is described in the specification of our International Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue treatment electrode is constituted by a 
plurality of tissue contact filamemary members made of an electrically-conductive material, 
the fifaunemary members being electrically connected to a common electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes ihe filamentary members, 
ihe coils of the filamcni constituting the filamentary members. The filament may have a 
diameter lying in the range of from 0.05 mm to 0.5 mm 

In another prefeircd embod'uncnt. a phirality of separate, individual fiiamenu constinite the 
25 filamemary members. The ffiaments may each have a length lying within the range o 
0.5 mih to 5 mm, and a diameter lying within the range of from 0.05 mm to 0.5nm 

Preferably, the filamentary members are made of tungsten, or of an alloy of tungsten or 
ptetimim. 

30 

Ahematively, the exposed end of the tissue contact electrode is ccmstituted by a mesh. 
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Preferably, the insiniment further comprises suction means for applyina a sub-atmospheric 
pressure to the tmerior of the msulation member, whereby vapour bubbles produced in the 
r^on of the tissue trcaosem electrode arc evacuated via the interior of the instrument. 

5 

Advantageously, the cut-oui is formed in a lateral surfiux of the insulation member 
adjacent to the distal end thereof In this case, the instrument can be used as a side-effect 
instiurocnt. Altcmaiivcly. the cut-out is formed obliquely across the distal end face of the 
insulation member, whereby the exposed end of the tissue treatment electrode has both an 
10 axially-fadng tissue contact portion and a laterally-fadng tissue comact pornon. In this 
case, the instrument can be used as both an end-effect instrument and as a side-effect 
instniment. 

Advantageously, the dimensions and configuration of the tissue treatment electrode, the 
15 lUikl comaasurfecc and the insulation member are such that, when the d«arodc 

is immersed in a conductive fluid medhim, the ratio of (i) the length of the shortest 
conductive path through the fluid medium between the fluid comaa suiface and that pan 
of the tissue treatment electrode which is furthest from the fluid contact surface, to (ii) the 
length of the shortest conduction path through the fluid medhmi between the fluid comact 
20 surface and the tissue treatment electrode is at most 2 to I . 

Preferably, the lateratly-projectintt portion of the insulation member defines an insulation 
barrier to divert electrical current flow through the fluid medium thereby to increase said 
shortest conduction path knunh between the fluid comact surface and the tissue treatmem 
25 dcan>dc. The first direction may define a ircatjoem axis, and said two shortest c^^ 
paths may lie in a common plane containing the treatment axis. 

. The invemion also provides an dectrode unit for an dectrosurgical insmimeat for the 
treatmem of tissue in the presence of an dectricaOy-conductive fluid medium, the dectrode 
30 unitcofnpri8ii^ashafthavii^atoneendnftcansfora>nnectiOTtoan*mstrumemhandpi 

and, mounted on the other end of the shaft, an dectrode assembly comprising a tissue 
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trcaimcni dccuode and a return clecirodc which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member, and the return electrode having a fluid conuct surfece which overlies the 
5 insulation men«)cr in the rq^ionofihccui-wi, said ^ 

the tissue ireaimem dectro<te in such a manner as to define, in use, a conductive fluid path 
that completes an electrical circuit between the tissue treatment electrode and the return 
electrode. 

10 The invention further provides dectrosurcical apparatus comprising a radio frequency 
generator and an dccirosurgicaJ instrument for the treatment of tissue in the presence of 
an dectricaUy-conduciiv e fluid mediunt the instiumem comprising an instrument shaft, and 
an dectrode assembly at one end of the shaft, the dearode assembly comprising a tissue 
treatment dectrode and a return electrode which is dccuicdly insulated from the tissue 
15 treatment electrode by metins of an insulation member, the tissie treatment dectrode 
having an exposed end extending laterally through a cut^t provided in the insulation 
member at the distal end portion of the instrument the return dectrode having a fluid 
conua surfrice which overiies the insulation member in the region of the cut-out. and the 
radio frequency generator having a bipolar output conncacd to the dccnrodcs, said fluid 
20 comact surface being spaced from the tissue treatment dectrode in such a manner as to 
define, in use. a conductive fluid path that completes an decried circuit between the tissue 
treatment dectrode and the return dectrode. 

Advantageously, the radio frequency generator indudcs control means for varying the 
25 output power defivcred to the dectrodes. the control means may be such as to provide 
output power in first and second output ranges, the first outptJt range bdng for powering 
the dectrosufgical instrument for tissue desiccation and the second output range bdng for 
powering the dectrosurgicd instrument for tissue removd by cutting of vaporisarioa 
Conveniently, the first output range is from about 150 vohs to 200 voht, and the second 
30 output range u from about 250 volts to 600 volts, the voltages bdng peak voltages. 
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Preferably, the control means is such as to alternate the output power between first and 
second powers in the first and second output ranges. Alternative^, the control means is 
such as to pulse the output jp>ower at a power wiihm the second output range. 

5 The invention will now be described in greater dctaU, by way of example, with reference 
to the drawings, in wluch:- 

Figure I is a diagram showing an electrosurgical apparatus constnicted in accordance 
with the invention; 

10 

Figures 2 to 6 are diagrammatic side elcvattons of the electrode assembties of five forms 
of electrode unit consiniaed in accordance with the invention; 



15 



Figure 7 is a perspective view of a modified form of the electrode assembly of Figure 3; 

Figure ft is a pcrspeaive view of part of the assembly of Figure 7; and 

Figure 9 is a cross-seaion taken on the lines A- A of Figure 7. 

20 Each of the electrode units described below is intended to be used with a conduaivc 
distension medium such as normal saline, and each unh has a du 

Ihe conductive medium acting as a conductor between the tissue being treated and one of 
the electrodes, hereinafter called the return electrode. The other electrode is applied 
directly to the tissue, and is hereinafter called the tissue treatment (active) electrode. In 
25 many cases, the use of a liquid distension medhwi Is preferable, as it i^events excessive 
decirode temperatures in most drcunisiances. and liffgdy elmn^ 

Referring to the drawings. Figure I shows elecirosurgical apparatus inchiding a generator 
I having an output socket 2 providing a radio frequency (RF) output for an instrumem m 
30 the form of a handpiece 3 via a connection cord 4 Acrivation of tlw generator I may be 
performed from the handpiece 3 via a comrol connecrion in the cord 4. or by means of a 
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footswitch unit 5. as shown, connected separately to the rear of the generator I by a 
footswitch connection cord 6. In the Uhistrated embodiment* the footswitch imit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
generator I rcspeaively. The generator from panel has push buttons 7a and 7b for 
5 respectively setting desiccation and vaporisation power leveb. which are indicated in a 
display 8 Push buttons 9a are provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 moums a detachable dectrodc unit E, such as the electrode units El to E5 
10 to be described bdow. 

Figure 2 shows, the first fonn of electrode unit El for detachable fastening to the 
electrosurgical instrument hancJpiece 3. the electrode unit comprising a shaft 10. which is 
constituted by a scmi-flexiblc tube made of stainless sted or phynox clccuopUtcd in 
1 5 copper or goli with an dcorodc aswrobly 12 at a distal end thereof At the other end (not 
shown) of the shaft 10. means are provided for connecting the electrode unit El to the 
handpiece 3 both mechanically and electrically. 

The RF generator I (not shown in Figure 2) deUvers an dcarosurgical current to the 
20 electrode assembly 12. The generator inchides means for varying the ddivered output 
power 10 suit different dectrosurgical requirements. The generator may be as described in 
the spedfication of our European Patem Application 96304558.8 

The dectiode unit El includes an aaive dearodc 14 which is constituted by a plurality of 
25 filaroems made of tungsten or an aUoy of tungsten or platinum. The active (biush) 
dectrode 14 is connected to the RF generator I via an insulated ccntrd copper conductor 
(notshown). A ceramic insulation sleeve 16 surrounds the cemrd conductor, the fi^^ 
14a of the brush dectrode passing dong the insulation sleeve and extemfing laterally 
therefrom through a cut-out 16a. A return dectrode 18. which is constimted by the distd 
30 end of the instrument shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coating 20 (u'hich could be polyvinylidene Huoride, a polyimide. 
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pdytetraftioroethylene. a polyolefin. a polyester or ethylene ictrafluoroeiliylene) 
suiTounds the proximal poitkm of the shaft ai^acem to the return ele^ 
dectrode 1 S is formed wiih a hoodJike extenson 1 8a which extends over the sur&ce of 
the sleeve 16 v«*ich is opposite to the cut-out 16a. The electrode unit El can. thus, provide 
5 maximum ussue engasement for shallow working angle appUcations. and is known as a 
side-effect electrode. 

This dectrosurgical instniment is particulady usefiil for rapid tissue debuUdng. One of *e 
problems which could be encountered when tissue is rapidly debnlked using an 
lb arthroscopic electrode configuration, particularly when working in smaB joim spaces, is 
the production of vapour bubbles generated as an end product of ti«ue vaporisation. Such 
bubbles obscure vision, and can coalesce at the site of tissue application, so that the 
electrical circiiit between the active and renim electrodes becomes compromised by the 
absence of conductive fluid. Irregular active electrodes having filamentaiy, mesh or coUed 
15 spring fbrms go some way to solving this problem, as they reduce the vaporisation 
threshold as disclosed in the specificatioB of our Intematioiul Patent ApplicatioD 
GB97/00065. Another advantage of these electrode forms is that the bubbles generated 
by vaporisation are smaBcr than those formed by solid electrodes. As the bnish electrode 
14 of tWs electrosufgical insttuniem is of irregular shape, it also has the advamage of 
20 produdng relatively small vapour bubbles as the product of tissue vaporisation. The 
production of vapour bubbles is. however, funher reduced as a result of the lower 
threshoM power of vaporisation which results from use of the electrode unit El. This 
improvement resuhs from the hood-like extension 18a of the return electrode 18 which 
extends over the back of the active electrode 14. TMs reduces the separation between the 
25 aaiveetectrodel4andthefeturoeleetrodel8.lherebyreducingtheelectricalfi^ 

vaporisation threshold power of the active electrode. This enhances the speed of 
vaporisation of the tissue at » kwer power than would otherwise be required for tte 

active electrode area, and hence reduces the fbrmation of vapour bubbles. As the hood-Bke 
extension 18a extends along the entire length of the active electrode 14. a Urge acuve 
30 electrode size can be supported, despite the reducrion in electrode separarion. 
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The robustness of the electrode assembly 12 is also imponam in arthroscopic surgery, both 
because of the tendency of surgeons to use an decirode assembly as a cold manipulator, 
and because of the ritpd nature of the tissue to be treated - particularly bone and cartilage. 
The hood*Ulce extension ISa adds mechanical strength to the electrode assetribly 12« as it 
5 extends over the ceramic insuladon sleeve 16, thereby redudng the risk of cera^ 
and potential breakdown of insulation. 

The electrode unit El is intended primarily for use in arthroscopic surgety which requires 
rapid tissue debulking by vaporisatioa In use. dse electrosurgical instrumem is manipulated 

10 to introduce the elearodc assembly 12 into a selected operation site (for example, within 
The joint space of a knee), so that the brush elearode 14 contaas the tissue to be ircated, 
and vwth the tissue and the electrode assembly immers«i in saline. The footswiich 5b (or 
the push button 7b) is then operated to set the required power level for vaporisation The 
generator t then provides sufficient RF power to ihe electrode assembly 12 to vaporise the 

1 5 saline surrounding the brush cJecirodc 1 4. and to mainiain a vapour pocket surrounding 
this elecuode Using a brushing technique, with firm pressure i^ainst the tissue surface, 
rapid debulking of the tissue is achieved Gemly touching the tissue wiD reduce the effect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of debulkiiw and side-elfea configuration, the electrode unit E 1 also 
has advantages in urotogical surgery as an EV AP technique for use in conjunction with a 
resectoscope. A reseaoscope electrode unit is introduced very differemlv. m that it is 
mounted on an endoscope prior to passage of the assen^blcd instrument through a working 
sheath imrodiwed via the urethra. The proximal end of the electrode unit is connected to 

2S a trigger assembly and an dectricalconuct which is integral with the resectoscope. By tte 
means, the electrode unit can be moved back and forth through a defined range of motira 
by operating the trigger mechanism. As the electrode unit b assembled prior to 
imroductlon. the size of the tip is not constrained by working channel dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Pan of this 

30 diameter is occupied b\' the support wires to the electrode unit, whidi wires are commonly 
bent in a downward angle, with respect to the endoscopic image, to the working tip, so 
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that they do not interfere with either visualisation or its operation. The brush electrode 14 
can have a kngth lying within the range of from 3 mm to 4 mm and a width lying tn the 
range of from 2 mm to 3mm. and this siic is necesary for urological surgery given that, on 
average, 20*30 grams of prostate tissue must be removed. 

5 

Because of the reservoir effect of the urinary Madder, and the mounting of the endoscope 
to view the tip of the active electrode from below, bubble generation during vaporisation 
is less of a problem during endoscopic urology, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevertheless, the use of the electrode unit B 
1 0 substantially reduces the possibility of bubble generation causing problems. 

Although the electrode unit £1 is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, particularly of synovial membranes or to separate 
musde anachmems. In this cast once the electrode assembly 1 2 has been introduced into 

15 a selected operation site, the RF generator I is aauated using the footswitch 5a or the 
push button 7a to set the required power Icvd for desiccation. The generator will then 
provide sufiicicni RF power lo the elearode assembly 1 2 to matmam the saline adjacent 
to the Iwush elearode 14 substantially at its boiling point without creatii^ a vapour pocket 
sunbunding that elearode. The instnmwnt can then be manipulated by moving the brush 

20 electrode 14 across the surface of the tissue to be treated in a stde-to-side painting" 
technique. 

The elecmxie unit El can also be used for blending tissue. Thus, by automaticallv 
alternating the output of the RF generator I between the destcxation and vaporisation 

25 power levels, tnorehaeinosiasis is produced then is possible in the va^ 

aoonsequence. the speed of tissue dcbulking can be reduced, which is uscfiil when cutting 
or debuUdi^ vascular nssuestnictures. Altemadvely. the output of the RE generator 1 can 
be pulsed at the vaporisation power level without cycled acttvatton of the desiccation 
. mode. This produces a less aggressive tissue vaporisation than occurs in the vaporisation 

30 mode; with a consequcmrcAiciion in both bubWe formation and the 
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Figures 3 to 6 show electrode units E2 to E5 which arc modified versions of the electrode 
unit El. Accordingly, like reference numerals will be used for like paru, and only the 
modifications will be described in detail Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mounted withiii the cut-out 16a. The coiled spring 
5 electrode 14 is made of tungsten or an alloy of tungsten or platinum, and its proximal end 
is coimected to the RF generator I via an insulated central copper conduaor (not shown). 

The electrode uiui E3 of Figure 4 is of "sputnik* form, having an aaive electrode 14 
constinited by a plurality of nccdic-like protrusions I4a extending from a thin metal base 

10 piaic 14b mounted within the cut>out I6a in the insulation slec\«c 16. Both the base plate 
14b and the promisions 1 4a are made of tungsten or an alloy of tungsten or platinum. The 
needle-like protrusions 14a are connected to the RF generator I via a common insulated 
central copper conductor (not shown). This utut E3 is less complex to manufaaure as 
compared with the brush-type form of the unh El, and will produce sinular effecu. 

1 5 Mofcover. it aUows for variations in the density of the needle-like protrusions 1 4a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 1 4 wtwch is constituted by 
a mesh made of tungsten or an alloy of tungsten or platinum This electrode unit E4 can 

20 be provided with a suction pump (not shown) which can rcmo\'e vapour bubbles via the 
shaft of the instriiment through the active dearode 14 This enhances the dtmination of 
vapour bubbles from an operation site, whtcb is paniculariy advamageous dursng 
aggressive tissue debulking. The suction pump must be controlled so that the flow of 
bubbles through the dcctrode 14 is balanced to the output characteristics of the RF 

25 generator I to prevent excessive cooling of the active electrode and a resultant increase 
m its vaporisation power threshold. The thermal mass of the mesh active electrode 14 is 
lower than that of a solid form active electrode, and this asasts in rapidly re-estabBsfatng 
the vapottr pocket around the active electrode should this collapse following excessive 
coding. The control means for the suction pump may involve the use of an imertnitient 

30 suction technique. 
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Figure 6 shows the ciectrodc unit E5 having an attivc electrode 14 of the coUcd spring 
type. Here, however, the cut-out 16a is formed obliquely (at 45*) across the distal end face 
of the insulation sleeve 16. so that the exposed end of the acii\« cicarode 14 has both an 
axially-facing tissue contact portion and a lateraUy-fadim tissue contaa portion. The tip 
5 of the coiled dectiode 14 is also angled at 45 degrees to the axis of the instnimcnt, so that 
this electrode unit is both an end-effcci electrode and a side-effect ciectrodc. The main 
advant^e of this electrode unit E5 is that it can be used in conjunction with endoscopic 
surgery techniques which require working channel introduction. 

10 The Figures 7 to 9 show a modified form of the electrode unit E2 of Figure 3. TW$ 
electrode imii BT has an aaive electrode 14' in the form of a coiled-spring elecurode 
mounted within a cutM)ut 1 6a' in the insulation member 16V The coiled-spring electrode 
14' is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
conncaed to the RF generator by an insulated central copper conductor (not shown). As 

1 5 shown in Figure 8, the insulation member 1 6' is formed with a recess I6b' which receives 
the return electrode 1 8* and its extension 1 8a* (not shown in Figures 7 and 8). 

As shown in Figure 9, the active dccirodc 1 4' has a distal end portion which is exposed at 
the distal end of the instniment for tissue comact. This cmbodimem has advantages over 
20 the earlier embodiments, panicularly where access is needed to remote areas of a joint 
cavity Thus, in such remote joint cavity areas, the extension of the msulation member 1 6 
of each of the embodiments of Figures 2 to 5 may prevent the associated active electrode 
1 4 accessing these areas. 

25 Figure 9 ilhistrates the way in which the insulation member 16' projects bterally in the 

r^on between the active decuode 14* and the extension 18a' of the renira electrode 18*. 

This lateraDy^wojecting pan of the insulalioo member 16^ increases the conductive fhtid 

path len^ Item the active elecirodc 14* to the return electrode 

field outwardly, thereby preventing prefierenttal arcing between the return electrode and 
30 the nearest part ofihe active dectrode. and promoting arcing between the acti^ 

and the ndghbouring tissue. The return electrode 1 8' is spaced from the active dectrode 
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14* so that, in use, it does not contact the tissue to be ireatecL and so that the electrical 
circuit is always completed by the saline, and not simply arctng between the dectrodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly is avoided, thereby ensuring that the aaive electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue entering the vapour pocket becomes the preferred path 
for current to flow back to the return electrode 18* via the conductive fluid. 

To consider the operation of the elearode unit E2* in more detail, when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip I4*a of the 

10 active electrode 14' This tip 14'a constitutes an active electrode treatment ponion. This 
bubble is sustained by arcing within it. The greater the applied voiuuse, the greater is the 
size of the bubble. The energ)* dissipated by each arc is impedance-Kmited by the remaining 
fluid in the conduction path and by the source impedance of the generator. However, an 
arc behaves as a negative impedance in that, if the energy in the arc. is sufficiently high, an 

1 5 ionised path of very low impedance is formed. Tlus can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return elearode 1 ST is sufficient to act as a limit on dissipated power It is 
also possible for the vapour pocket around the active electrode treatment portion 14'a to 
encroach the reitim elearode 1 8* In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limitation is poor and cannot be adjusted 
according to elearode size. For these reasons, the dimensions and configuration of the 
insulation member 16 should be such as to define a minimum conduaion path length of 
bnm baween the aaive electrode treatment ponion I4'a and the fliud comact surface of 
the return dectrodc 1 3* This minimum path length is. in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 16' plus the step dimension c of the 
laieraUy-projeaing pan of the insuhnion member. 

A finther conskleradon is the possibility of a vapour pocket fbnmng only over pan of die 
exposed creaimem ponion I4*a of the aaive electrode 14*. AVhen the appUed voltage and 
30 power are suffidcndy high, a vapour pocket v^ll form around the aaive dearcfde exposed 
treatment ponton 14'a Preferably, the pocket is formed uniformly over the emire length 
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of the ireaimem ponion In such a situaiioa the load impedance presented lo the generator 
can change by as much as a factor of 20. However, when there are significant (fifTerences 
in the conduction path length between the return elearode fluid contaa surface IRa* and 
different pans of the exposed active electrode treatment portion 1 4'a. a voit^ gradient 

5 is estabfisbed over the length of each electrode. With some insulation member and acthre 
electrode configurations, the voltage gradiem can be suffidenay large to enable vapour 
pocket formation only over that pan of the exposed treatment ponion closest to the fluid 
conuct surface^ leaving the extreme distal end of the exposed treatment portion stili in 
contact with the conductive fluid. Thus, the voltage gradient is established within the 

1 0 conductive fluid where the edge of the vapour pocket intersects the surface of the active 
elearode treatment portion I4*a. The electrical behaviour of such a partially-enveloped 
active elearode ireatmem ponion I4*a is very different from that of a fully-enveloped 
treatment portion In tenns of controlling generator output hy sensing peak vohage. the 
behaviour of the electrode assembly ;s no longer bistable. However, the power demand is 

15 considerably higher as a result of the vaporisation voltage prcsemed across the low 
impedance wetted region of the active elearode treatment portion I4*a. The clinical effca 
IS iM>t only the required vaporisation, but also an undesirable thermal damaging eflfea 
resulting from the increased power dissipation. 

20 Partial envelopic^ of the active elearode treatmem ponion 14'a can be largely avoided hy 
ensuriim that the ratio of the length b of the conduaK*e path between the funhermost point 
of the aaivc electrode treatment ponion and the length of the shortest conductive path 
between the active electrode treamaem portion and the fluid contaa surfiace is at roost 2: 1 » 
ie h/(a-^c) i 2. The laterally-projecting portion of the irmilaiion member 16' defines an 

25 insulation barrier to direct electrical current flow through the fluid medium, thereby 
increasing the shortest conduaive path between the fluid conua surtee I8'a and die 
active elearode 14* 

It wiU be noted from Figure 9 that the downward extent of the exposed active electrode 
30 treatment ponion. ic. the distance d by which the aaive elearode projeas beyond the 
shrouding pans of the insulation member 16* on each side, is ai least one half of the width 
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of the exposed ireaimcni portion in a transverse plane. This allows the instrument to be 
rotated about the aws of its shaft to some extern whhoui losing the required 

Figure 9 also shows that the active electrode 14* has an exposed end <thc tip I4*a) which 
5 extends laterally through the cut-out I6*a in a first direction which is opposite to the 
direction in which the fluid contact surfiice 18a' faces. This first direction defines a 
ircatmeni axis which lies in a common plane with the two shortest conductive paths 
referred to above. The electrode units of the embodimems of Figures 2 to 6 also inchide 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has laieraUy-projccting pan which increases the conductive fluid path length 
from the actwe electrode 14 to the return electrode 1 8. These dearode units also are such 
that the ratio of the length of the conduaive path between the fiirthermost point of the 
1 5 active clcarode ireaimem portion and the fluid contact surface of the return electrode, and 
the Ici^h of ihc shortest conductive path between the active electrode treatment portion 
and the fluid contact surface is at most 2: 1 . 

In order further to improve access to remote joim cavity areas, the distal portion of the 
20 electrode shaft of each of the embodiments described above could be angled, say between 
15* and 30". with respea to the mwn portion of the instrument shaft. In a further 
modification, tttamum could be used as the material for each of the active electrodes. 

It wiU be apparent that modifications could be made to the embodimems described above. 
25 For example, the enAodimems of Figs I lo 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via the shaft of the insuumem through the active 
electrode. It would also be possible to make the msutotion sleeve 16 of each of the 
entediments of a sIKconc rubber (such as a silicone polyureihane), glass, a polyimide or 
a thermoplastics material. 

30 
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. CLAIMS 

1 . An dectrosurpcal inscniment for the treatment of tissue in the presence of an 
dectricaiiy-conducttve fluid mediunu the instrument comprising an tnstiuinent shaft, and 

5 an electrode assembly at one end of the shaft, the electrode assembly comprimg a tissue 
treatmem electrode and a return electrode which is dectrically insulated from the tissue 
treatment dcarode by means of an insulation member, the tissue treatment dectrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end portion of the instrument and the return dectrode having a fluid 

1 0 ccMtKX sufface wluch overlies the insulation member in the region of the cut-out« said fhrid 
cottuct surface bdng spaced from the tissue treatmem dectrode iii such a manner as to 
define, in use, a conductive fluid path that completes an dearical drcuit between the tissue 
treatmem dectrode and the return electrode. 

IS 2. An dectrosurgical instrument for the treatment of tissue in the presence of an 
dectricaliy-conductive fluid medium, the instiumem comprising an instnmiem shaft, and 
an dectrode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment electrode and a return electrode which is dcaricdiy insulated from the tissue 
treatment dectrode by means of an insulation member, the tbsue treatment electrode 

20 having an exposed end extending laterdly through a cut-out provided in the insulatbn 
member, wherdn the return dectrode has a distd end portion with a fluid eomaa surftoe 
which overlies the insulation member in the region of the cut-out and &ces laterally in a 
first direction, and wherein the insulation member projects laterally outwardly between said 
distd end portion and the tissue ueatmem electrode, the tissue treatmem dectrode facing 

25 laterally in a second direction opposite to said first direction. 

3. An dectrosurgical instniment as datmed in claim I or claim 2« wherein the exposed 
end of the tissue treatmem dectrode is constituted by a phtiality of tissue contact 
fihmcntaiy mem b e rs inade of an dcctricaDy^onducth^ material the filaincmary 
30 being electricdly connected to a conmionelectrica] supply conductor. 
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CLAIMS 

I . An dectrosurgical instrument for the ireatmcnt of tissue in the presence of an 
dearicaily-^onductive fluid medium, the instrument comprising an instiumeiit shaft, and 

5 an dectrode assembiy at one end of the shaft the electrode assembly comprising a tissue 
treatment dectrode and a return dectrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end extending laterally through a cut-out provided in the insulatioti 
member at the distal end ponion of the tnstiumem. and the return dectrode having a fhiid 

1 0 comaa suriaoe wluch overlies the insulation member in the region of the cut-out, said fhiid 
comact surface being spaced from the tissue treatmem dectrode in such a manner as to 
define, in use. a conductive fluid path that completes an dectricai drcuit between the tissue 
treatment dearode and the return elecuode. 

15 2. An electrosurgical instrument for the treatmem of tissue in the presence of ah 
dectrically-cotKluctive fluid medium, the instiumem comprising an instrument shaft, and 
an dectrode assembly at one end of the shaft, the dectrode ass«nbly comprising a tissue 
treatmem electrode and a return dectrode which is electrically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterdiy through a cut-out provided in the insulation 
member, wherdn the return elearode has a distal otd ponion with a fhiid comaa surfece 
which overlies the insulation member in the region of the cut-out and faces laterally in a 
first direction, and wherein the insulation mento projecu laterally outwardly between said 
distal end portion and the tissue treatmem dearode« the tissue treatmem dectrode facing 

25 laterally in a second direction opposite to said first direaton. 

. 3. An dectrosurgicd instrument as daimed in claim 1 or dasm 2, wherein the exposed 
end of the tissue treatment dearode is constituted by a plurality of tissue comaa 
filamentaiy members made of an dectrically-comfcictive material, the filamentary members 
30 bdng dearically connected to a common dearscal supply conduaor. 
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4. An dcorosurgical insmimcm as claimed in daim 3. wherein a sin^c coiled fUameni 
consiiiuies the fitememary members, the coils of the filament consdturing the fUamemary 
members 

S $. Andectrosurgical inmumentasciaimedmdmn4.whe^ 
diameter lying wiiWn the range of from 0.05 mm to 0.5 mm. 

6. Aneteon)surgicaliii$tnimemasclamiedtndaim3.whefein 
individual filamems constitute the filameniacy members. 

io 

7 An eiectrosuruical instnimem as daimed in claim 6. wherein the filamems each 
have a length lying wiilan the range of from 0.5 mm to 5 mm. 

8. An electrosurgical instnimem as claimed in daim 6 or daim 7, wherein the 
15 filamems eadi have a diameter lyins wtthi« the range of ftom 0.05 mm to 0.5 mm. 

9. An decuosuruicai insirament as claimed in any one of daims i to 8, whcrem the 
' fUamemary members are made of tungsten. 

20 10. Andearo$ursicalin$tiumemasdaimedinanyoneofclaim$3to«.wheteinthe 
rilamentai>' members aic made Of an alloy of tungsten or platinum 

11. Andectiosur|iicalinsinmie«asd«medindaimlordaim2.whereinthee^ 
end of the tissue contact electrode is constituted by a mesh. 

25 

12. An deetrosurgieal instiumem as daimed in any one of daims I to II. fbtther 
comprisins suction means for applying a sub-atmospheric pressure to the imerior of the 
i,«d«ion member. «1»«by vapour bubbles produced in the region of the tissw 
dectrode are evacuated via the imerior of the instiumem. 
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13. An dectrosursical insfiruinent as claimed in any one of claims 1 to 12, wherein the 
cut-out is fonned in a lateral sur&ce of the insulation member adjacent to the distal end 
thereof 

S 1 4. An elecuosurgical instrument as claimed in any one of datms I to 1 2, wherein the 
cut-out is formed obliqudy across the distal end face of the insulation member* whereby 
the exposed end of the tissue treatment dectrode has both an axially-fadng tissue coouct 
portion and a laterally-fadng tissue contact portion. 

10 15 An dectrosurgical instiument as claimed in any one of daims I to 1 4; wherdn the 
dimensions and configuration of the tissue treatment electrode, the fluid contact sur&ce 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive Ouid medium, the ratio of (i) the length of the shortest conduction path through 
the fluid medium between the fluid contact surface and that part of the tissue treatmem 

1 5 dectrode which is furthest from the fluid contact surface, to (ii) the length of the shortest 
conduction path through the fluid medium between the fluid comact surftce and the tissue 
treatment dectrode is at most 2 to I . 

16. An electrosurgical instrumem as claimed in claim 15. wherein the ratio of (i) the 
20 length of the shortest conducdon path through the fluid medium between the fluid contact 
sur&ce and that pan of the tissue treatment dectrode which is furthest from the fluid 
contact surface, to (ii) the Icrajih of the shortest conduction path through the fluid medium 
between the fluid contaa surto and the tissue treaunem dectrode is greater than or equal 
to L25. 

25 

17 An dearosurgical instrument as claimed in daim 15 wh«i appendam to daim 2, 
wherein the hterally-prcjecttng ponion of the insuhttion member defines an insulaticm 
barrier to diven dectrical current flow through the fluid medmm thereby to increase said 
- shortest conduction path length between the fluid conuua surface and the tissue treatment 
30 electrode. 
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1 8. An clectrosurgical insiiumcnt as claimed in claim 1 7. wherein the first direction 
defines a treatment axis and -said two shortest conduction paths lie in a common plane 
containing the treatment axis. 

5 19. An eteorosurgical instrument as claimed in any one of claims I to 18, wherein, in at 
least one transverse plane extending in the first direction, the tissue treatroem electrode 
projects beyond the insulation member in the first direction by a distance which ts at least 
one half of the transverse width of the projecting pan of the tissue treatment electrode. 

10 20. An electrosurgica] instrument as claimed in any one of claims I to 19. wherein the 
dimensions and configuration of the tissue veatmem electrode, the fluid contaa sui&ce 
and the insulation member arc such that, when the electrode assembly is immersed in a 
conductive fluid medium, the length of the shortest conduction path through the fluid 
medium between the fluid contact surface and the tissue treatment electrode is at least 

IS 1mm. 

21. An electrosurgicaJ instrument as claimed in any one of claims I to 20. wherein the 
return electrode is in the form of a generally cylindrical conduaive sleeve with an exposed 
sorbet portion having a length and a diameter, the lei^h of the exposed surfecc portion 

2D being at least as great as tlie diameter, and wherdn. when the electrode assembly is 
immersed in a conductive fluid medium, the ratio of (i) the shortest conduction path 
through the fluid medium between ibe fluid contact surface and that part of the tissue 
treaunem electiode which is fiirthest fi^om the fluid comaa surface, to (ii) the diameter of 
the exposed surface portion of the return electrode, is at most 4.5 to I. 

25 

22. An electrode unit for an dectrosurgical insuumem for the treatment of tissue in the 
preseDce of an dectrically-conductive fluid medium, the electrode unit comprising a shaft 
havii^ at one. end means for connection to an instrumem handpiece, and. mounted on the 
other end of the shaft, an electrode assembly comprising a tissue ireaunent electrode and 

30 a return dcctibde which is dectrtcally insulated from the ussue treatment dectrodc by 
means of an insulation member, the tissue treatmem decnrode having an exposed end 
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extending laterally through a cul-out provided in the insulation member* and the return 
dectrode having a fhnd contact surface which overlies the insulation member in the resion 
of the cut-out. said fluid comact surface being spaced from the tissue treatment electrode 
m such a manner as to d^ne. in use. a conductive fhiid path that completes an electricai 
5 circuit between the tissue treaxmeht electrode and the return electrode. 

23 . An elearode unh for an dectrosurgical instiument for the treaunem of tissue in the 
picsence of an electrically-conductive fhitd medhim, the elecnode unit comfmsing a shaft 
having at one end means for connection to an instnunent handpiece, and, mounted at the 

10 other end« an electrode assembly comprismg a tissue treatmem dectrode and a renim 
dectrode which is electrically insulated from the tissue treatmem dectrode by means of an 
insulation member, the tissue treatment dectrode having an exposed end extending 
laterally through a cut-out provided in the insulation member, wherdn the return dectrode 
has a distal end ponton with a fluid contact surface wWch overlies the insulation member 

15 ia the rqsion of the cut-out and feces laterally in a first direction, and wherein the insulanon 
member projects laterally outwardly between said ifistal end portion and the tissue 
treatment dectrode. the tissue treatmem electrode fedng hueraUy m a second direction 
opposite to said first ifirection. 

20 24. Electrosurgicd apparatus comprising a radio frequency generator and an 
dectrosurgical insiiumem for the treatment of tissue in the presence of an dcctrically. 
conductive fluid mediunt the instrumem comprising an instiument shaft and an dectrode 
assembly at one end of the shaft, the decuode assembly comprising a tissie treatment 
electnxle and a return dectrode winch is dectrically insulated from the tissue treatment 

25 dectrode by means of an insulation member, the tissue treatment electrode having an 
exposed end cxtencfii^ laterafly through a cut-out pnovided in the insuhoion m^^ 
distal end portion of the instrument, the return electrode havii^ a fluid contact surface 
windi overlies the insulation member m the region of the cut-ouu and the radio frequency 
generator having a bipolar output conneaed to the dcctrodes. said fluid contart surface 

30 bdng spaced from the tissue treatmem dectrode in such a maimer as to define, in use. a 
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conductive fluid path that completes an electrical circuit between the tissue treatment 
electrode and the return electrode 

25. Elcctrosurgical apparatus comprising a radio frequency generator and an 
5 electrosurgical instniihent tot the treatment of tissue in the presence of an dcctricafly- 
conducdve fluid mediunv the mstrumcm comprising an instniment shaft, and an electrode 
assembly at one end of the shaft, the electrode assembly comprini« tissue trcaimcni 
electrode and a return electrode which is dectricaily insulated ftom the tissue treatment 
electrode by means of an insulation member, the tissue treatmoit electrode having an 
10 exposed end extending Uterally through a cut-out provided in the insulation member, 
wherein the return electrode has a distal end portion with a fluid contact surface which 
overlies the insulation member in the region of the cut-out and feces lateraUy in a first 
direction, and wherein the insulation member projects lateraUy outwardly between said 
distal end portion and the tissue treatment decirodc. the ussue ueatmem electrode &dng 
1 5 laterally in a second direction opposite to said first direction 

26. Apparams as clahned *m claim 24 or claim 25, wherein tte radio ftequency 
generator inchtdes control means ft)r varying the output power defivered to the electrodes. 



20 27. Ai^araius as claimed in daim 26, wherdn the control means is such M 

output power in first and second output ranges, the first output range being for powering 
the decirosurgical insinmient for tbsue dcsiccarion. and the second output range being for 
powering the electrosurgical instrument for tissue removal by cutting or vaporisation. 

25 28. Apparaujs as daimed in claim 27. wherein the first output range is ftom about 
140 voh$ to 200 vohs, and the second output rai^e is ftom abow 250 voitt to 600 volt^ 

the voltages being peak voltages. 

29. Apparatus as claimed m claim 26 or claim 27. wherein the control means is such 
30 as to alteniaic the output power between first and second powers m the first an^ 

output ranges. 



wo 97/48345 



27 



30. Apparinis as claimed in daim 26 or claim 27, whcrrin the control means is such 
as to pulse the output power at a power within the second otitput range. 



